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Abstract 



PROBLEM TO BE SOLVED: To realize a thermal flow-rate sensor in which a heater resistance value is 
not changed, in which a diaphragm itself used to form a heater is not broken down and which is of high 
reliability. 

SOLUTION: A silicon diaphragm 5 is doped. Heaters 7 and sensors 8, 9 are formed at the inside of the 
silicon diaphragm 5. Insulating films 4, 6 are executed to the surface and the rear surface of the silicon 
diaphragm 5. Insulating layers 10 are executed at the inside of the silicon diaphragm 5 between the 
heaters 7 and the silicon diaphragm 5. Consequently, in the heaters 7, a resistance change due to a 
piezoelectric effect is suppressed, an increase in the resistance value due to the diffusion of ions is 
suppressed, and the bad influence of waterdrops which are stuck to the surface of the silicon diaphragm 
5 is suppressed. The thickness of the silicon diaphragm 5 is made thick (2 &mu m or more), the 
thickness of the heaters 7 is made thick, and the silicon diaphragm 5 has a structure whose upper part 
and lower part are nearly symmetrical with reference to the center line in its face direction. As a result, 
the strength of the silicon diaphragm 5 is enhanced. 
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{bBI (S i 0 2 ) 6 at^It5. 

[0 0 7 0] .(c) mtM6 a&fch^y7>?\Z&z> 

[0 0 7 1] (d) BftBt6 a^HSbT, ->'ja>^ 
-f77vA5©*®lCgifcftK'fk^6 b*CVDttt?)S 
^bT. *bX>y^>yT';i©gifc®l6 b£g& 
aWKHDT*. ZL©«fbK6b£v**ttfcLT. n 
□»©F5-f Xy^>$ffcJ:9k— i&iS-tr>iJ- 



8. 9RI»Mtt&2 5. 2 6©<HS«B^©->'J=3>y-f 
77 7A5^iSt5. tUT, u©->'j3>^77 
7i» 5 £fifc£bfcSK#*<X U y h 2 9 fctt*. 
[0 0 7 2] (e) CVDSTX'J y h 2 9£§tlbT-5 
£3lOiMl0 (SiO^SijN/cCt'iO&S) 

*r 6 srj&ei-rs. ft*. $mm 1 o ta&gyK 6 t\m 
c*r»T"bA<. d©t^«eigkB i ot*egtK6ttts 

[0 0 7 3] (f) »&»C, ->U^>SSl©Sffi»CX 
7f>^fflV^i?#2 (S i Oj^S i 3 N 4 ftt*J;l9ft 

a> sjfflKbT.- *hx?/^>^»c±o-t©«f*a5»t 

Xy^>^fflv*£#2SHPl/fc«Hi*& 
KOHft<h*©TJk*J U X->5 1 >^tf T?->'J a 1 

[0 0 74] ft*5. Xy5 l >^ttttW84T?*?ih-r*© 
T, DDgfl3 Ji©^-r777AgB^©iP$ttCVD^f©fiS; 
WP*»C«k-oT©*ft3feStl*. 

[0 0 7 5] ->'j3>y-f777A5©f«tL 
Ti»S->U3>S:ffl^4itH SOI (S i 1 i c 
on On Insulator) iSSfflV^'tl: 

ft a. c©«-&©Sajfi7 p a-t7.©iJi?«««BS-ra. 
[0 0 7-6] £Ui»^Ufc«i6*»fc'J:*ltf. KX>/fi 

^^Aji^aMBbftlriSSIIIK-CKffiSllttWr***^© 

g i ©^»i8T**j»*atji-fc>-!J-t«jii-r* n -tit 

[0 0 7 7] @4tl *»Wti*SI2©*JtJgJBTf* 
■5S»SC8SS-fe>-y-©«llllS»r®0-e*5). 04tCScL&# 

Tm\zwfSt.zniz\L—& 7&tffigHi>-y-8» .9 ©aw 

->Pl±©B©->U3> (0 1 *©5 ag|5^» j&<ftl^J& 
fc©09T**. ffi©fll^»wOViTtt,-01©0iJt04© 

[0 0 7 8] *5B9i©J6 2 ©*«»»£ J:n«. *i© 

[0 0 7 9] @5tt. *5fiWfcJ:**3©SOfi»!8-C* 

3©&ffigtfUii yU3>^777A5^l:^l/fc 
t— ^7, igig-fe>-y-8. 92&l£g#8&2 5, 2 6©I 
ffifc»«Lfc»»Jil 0««ftV»»^©«Tf»*. ffi©« 

[0 0 8 0] Cl©S5©^JlCi5HTtt. f*y'j3>y 
^7:75A5©*m£LTSilMij&«4>fc<£ , bR5Q • 
cmK±©%©*ffiffltnH Cl©0 5©<j:-5tC*feli» 
1 0*#iSL/c^fiS;tLTfe->Ur3>^ , 'f 775A5* 



©->g3>8B#5 tmm±>v-8. 

[0 0 8 1] ^Sibt, *5B^©^3©H«fi^ffiC«fc 

tax. m i ©sijg^t - 

[0 0 8 2] @6H #Sgi£t;:J:5Sg4©SligJ£&ri:<fc 
3??*^»ii>l*©ewSf^H0T&3,, '©06©0iJ 

6 tc^Ti otc, ->U n >y< 777A5 ©±® Ktt S 
i 0 2 <kDft-5ii&i$l6 tS i 3 N 4 «tl9/«C-5$6^^3 1 

[0 0 8 3] flBW3a«JS**»t>S i 0 2 «t0 

[0 0 8 4] C 5 "f -5 Cite £9, #^*6«^©JSffi<t 
[0 0 8 5] SStbT, *^K©^4©iUg^tCJ: 

te, t— * 7 ^>s«-fe>-y- 8 . ' 9 © fxyjg©i5am(c«k 

[0 0 8 6] ft*, ->iJ^>^777A5ffl±ItT 

x-mo. 3~o. 65^d» TEtf&^ns. 

[0 0 8 7] 0 711 *5gWtC«fcSm5©*ig^SiT» 
5ft*5£S&S-fe >U-©«EBS!tfr®0T<fc 5. 

[0 0 8 8] il©07^bfcWl 13 6 (C^L 
JtLT, BEI8»««**»-3S i 0 2 «k9ft-g>*fciHgi: 
5l»Da«***»-3S i,N 4 iDfe*i«a«t©->Un 

[0 0 8 9] tft^, ->U3>^-f 777A5WII: 
jfiVi7jtwS i,N 4 i3 0. 3 l£JgJ5£U ^©JilCS i 
0,14, 6£J§M£Lfc©T?<&5. 

[0 0 9 0] C©m5©^i£^|g^*3ViTt), 06IC^ 

LfeB 4 (ommnmt mmvtmzmz z tvxz a. 

[0 0 9 1] i8ll #^lr«fc-5Jg6©§li;&gJgfgT& 
^>.^tiitS-t:>-l}-©StfflS^®0-C*^). B8fcjj*L&S6 
6©fW6JgJgtt. t-*7. gg-tr>-y-8. 9&tf3i# 
882 5, 2 6$r^-r-5->U3>^777A5©MM 

komi tm&mfr e> ft * mat istzmx$> z. 

[0 0 9 2] ->U3>y-f 777A5©±B 

iCttJ&HR 6 t 3 5 t©rat^{*K 3 3 



BS4 <h 3 4 £0mi3*ttDt3 2 ««ES 

**tfFtU!>*-frlttt. CVDffiT->'JrJ>y< 

Eft£tlTV>&:V>*t. Zin&«>«fMI3 3£3 2£ttf5r 

©^«m-^^^>H) \z&mt<nz>. mammon iz. 

[0 0 9 3] *^^©^ 6 OSHJ6»«K«tntt. ffi 1 © 

otmmii?z>zt\z£.ix. m^mm.± >v<nmkft 
*>&mm\z&m<D'i 4->tfttMt3 5 t 3 4©«Mictt 
tut, cns©«»R't»s»#ek>T'b, t-^7^ 

[0 0 9 4] ■*■&*>■&. «tt«*«l*aEflrt-*ittta 
(^©te, *£#g§ 3 3 £ 3 2 Srj3rJ£©«&K:fiM$-r2> £ t 

kj^t, t— ^7^>ss-fe>it8, 9<Dmmizwmm 

[0 0 9 5] ft*. ->U3>^-TT75A5©i^MtC^ 

0. 3~0. 6 5 i7 d» trlg^^nSo 
[0 0 9 6] i911 #3B9Ifc ±«'SB 7 ©JUS^T'ife 
£8*S8fEfii:>1*©*aiil&»ra0T?<&5. r©i9l:Sb 

fc£5 7©*i6JBffitt, ->'jn>y-f777A5fflSii: 

ft*. h-^;l/JPS^->U=3>^-f 777A5 <fc9i*t7 
tUi. ->'J 3 >^-f 77 7 A 5 ©Mll:^t^#lft 

[0 0 9 7] 3 lBMlT^3n5«&. S i 0 2 
/S i 3 N 4 /S i O^JlJgl^S i 3 N 4 /S i 0 2 /S i 

3 N 4 ^p^ftt*34^Ae.n^„ c©09j^f«»j«. m 

#©4§-&£jf;bT^-5<, -Tftfc^. y'j3>^777 
A5©±Il;lj;S i 0 2 <£Dft3*fcg:ffil6 < i:, S i 3 N 4 
•tOft-5^^3 1 S i 0 2 J;OftS^ltM3 8£ 
*^-T-5. -e-LT, ->'j3>y-ft77A5.©TIC 
ttS i 0 2t t»9ft^^^4<i:> S i 3 N 4 J; 0ft^*SM 
I30i, S i 0 2 J;9ft-5$ftB*IBi3 7 tSrJgfi£T^. 

[0 0 9 8] JW±©«t3l^ *^BJ©m 7 ©*6SJPffilC 
J:n«v ^l©*i£^S8^^ft«)m^#-5CltdtT?# 
<5ffi. trxVJgJf[^{CJ;-5Stri<S^k4l»±b, SSI 
«TT ^-f 7 7 5 A©5«a LftOiS^Sftia^dit* 

[0099] 01 on *&w\z&z>&8<Dmmmmx 

U-©ffl^JC<t^T«, ^ftV^S»«7JT?»rfrrS i b©^. 

i«je;«© ! b©*«s*sns»-&****. iMMmtLT 

tfX*-^. m#©^JtbT«. &l*ffl©177 
D-pi-^fti**«*S. 

[0 10 0] ^©.fcpft^ftinBftm^T-lMFt-Sfc© 



nS^TS -> U a >»R'v©fRe**S«a<J>& < f 
5©)0«ftSSO-OT$5. UtimS i 0 2 

**J10fg, JM8J|->U:3>tt#n 0 0«fc**V»tt**r 

#f£Bj©fg8©|Eil»gte, J%€3tt£#*Uft: 

[0101] 010 icfe^T, MSB 3 ©ig^g&<hSg-k 
>it8tr^ 36tfKHHHB30**»tfiflE-fe>U-8tlH 

5 ©±ffia>&T®ca3ef* J:-5&tt»©*Mra 36^ 

»j*utv»*. zm&iuui 3 6 *«aeiiMs©/h*»f»s 

i 0,fc E£»;:«kD. k-* 7*»6->U 3 

*3. 1 *©&WI 3 6 (O^mtWuS. 5 a >EtTti6 

a. 

[0 10 2] ^tbX, *^©m8©3IJ£»ig{Cj; 

rut. sg i ©*&^£P^&$>m£#£> z.t.ifi-c%z> 

7 7 7 A 5 O T § 2 = D >K±tC IT 

[0 10 3] #:tc. k-*^fig?-k>-S-©Sf7j|6] (S3 

1 1H 1 5i7D>©>'U3>y-r777A 
K'J>£9 5 0° C, 3 0 £■©*«=■*? K — fcT^Ufct 

1150^ 6 0ft<O$ktfU\ t —\£>ifV?Zii& 
©t— ^^>MS-fe>-y-CD«®^?)^$7j(6]t-M-5 U >© 

[0 10 4] 011 ^T«t-5IC, Str# (9 5 0° C, 

k>^£n&U©t;i*tUT\ (1150'C, 6 0 

[0 10 5] PK-e>^fr('<i;-2)^£iStS-t>-y-S: 

[0106] ±mvtc£oiz. mjuDt—Mf—xD 

© K — k* > iffkW'V\i. t < £M bfc 

<«*.«, -1%) . -7j, t>^*fl=T?tt 

[0107] cine. t-^©@g5Sn^ic«toTh--f 

[0 10 8] -en®:. y'j3>^-f777Atl:»Ul 
fck— *©5F*E8>iiktt. ->U3>y-<777A0±I 



a^©^fKli^lc«ka<!:, I$l<Bt- 

[0 10 9] lfc*<oT, *369i©*J6#t8K*V»T 
->'Ja>y-1'T77A©±ffi*^T®fcMa*T+ 

[01101B12B, **WKJ:«»9©*16»tt"e 
9 ©3te«»tBtt. #tt©fc--*-rt$'-->©aflE2- 

^^K#-r-5^j-rf*s. #tt©^->**rr*k-^ 

7<&®mtC«t^TiBJnl^$-li-ai:. fc— *7T3S£b 
&&©— SBtt v- U 3>^-f77 7 A£?> UT> -> U 3 > 
SS©i?#gP7> 1 1 
[0 111] k-^V?^->©g^7J|6l.(Y-Y^ICiti 

fc»3©^«* s |WiUT*n«, S«©k— &n9— >© 
5"U:n>i''f7 , :7 5A©[HIW3©*WMB 

^itLT, n»©«*waaiaiscj:-3 

Tk— * 7 ©¥i9i!ft£jffi£©te£geJra&-r'#T ! b, 

k-^ 7 ©«f*»**«aK5ftiniJ»*na. 

[0 112] ZCDTztb, *fSM©*9©*ifi»l8ir*v» 
Ttt. Y-Y»»C»5*|fll©jBflE»*3&«— *tttS«t5 

(c, ##©k— ^/i*->£^©+5fe«T*l*/2;< (<f 

$*K (SggMM©k— *r\9— >&7 b, 7.cTit) L 
fcfe©1?^-5. 
[0 113] &.fe, \L—9r\9— >©«tt» S^Lfci 
5^, &PgWl;:2S;b£©-m&<. 4 , *^6.^gi5#J^ 

«fc?)#*UH. — 3fc •>U3>^777A>ftF-t: 

[0114] ^-ngi. *&#©k— ><jy*m.®m 

*£-€-©«f>£lfireift<, >-'j3>y-l'T7 7A©®gB[BiJ 

xfi< UT"bra«©3»*3&«»6n*. 
[0115] ci©±5^. *&we>m9<onmMmz3L 

^«©k-^/t^->©SS7>^$r-«|{CT#a 
fc«6. SS!)^ft:©dit»Srii5^t^tii-e^a<»:fM«f 
«IStt©ii5^iSiiC;tfit»-fe>-y-^^i-ar:<hAiT^ 

[0116] 01311 *$£mz£2>3% 1 0 ©HJSJ&tg 
Tfe-5^3;dSt*-fe>1t©eESS»f®0-C ! $.-&. £©013 
fcjjS-TWa. k-^FtygUfcft*©*^*©^^? 
7A©TIl:v"J3>y-f777A41H j^#©y-f 

7 7 9 Jx&&MCt 2> ZL ii\Z^K)^7 7 7A©ge« 

tt.mi%.m* Wffl-fz&iT'&z. m 1 3 iz&^x. mm 

, ®?4 1 t 3 9 <hT-tf->K-f ^nfc->'J3>^77 
7A4 0©±lr#tt©A^->*WT-£.k-^7. &g 



-ir>-y-8. 9Rzfim&m2 5, 2.6*^^$nT^s. 
[oii7] -e-tx, t-^7^ias-t>-y-8, 9, « 

#8S25. 2 6H ffitl4 2TSM$^TW. ffit 
141. 4 2,. ->'Ja>^777A4 0SO;iiti3 
9*>ib&3ig-&lgl©l — *;WS£T*<4>&< tfe25i' 
D>£U:T, fi^t-:? 7 8, 9©JP£ 

«. ttaaM«ft©»#tt*»«T<rnTfc. 0i©sfe&s 
[0118] -j-ftto*, *mw<D& 1 0 ®!Himi£* 

S^TT ©filfcgl L ft I 

[0 119] &*5, CO«l 0 CDftKflllliC^ltSIRttl 

swsje^.t-^ 7^>ms-t>ii-8. 9©f#tbxe^ 

[0 12 0] *BWK«kSJ»5S»a-fc>iJ : i. 
[0 1 2 1] HI 4(C«"r«t5C. fc — ^7-*>fflflMr> 

•y-8. 9H, 5£v> (*sjo. 55^d» mmm4 3<Dm 
HccvDafTf^sn. «ggyK4 4-T?«SLfciJije 

TS-So *feg:IK4 4t*fe&BE4 3t*»e>^«#@«feiae 
[0 122] d(D^777AttHKMfC^->'jn>« 
»V»b©T*.&. Sfc. k-^7t^777A©ai 

[0 12 3] Cini'JtbT. ±ifiUfc*5BWO*«»l8 
[0 12 4] 

mw<D%)3fkl Ek±<D^\z. *&W\Z£tUi. M-9 
[0 12 5] 3;fc, *S8MK±n«. t-^estffl*^. 

[BS©ffl*ttK91] 



[02] 01 Lfc&fiSSSa-fe >-y-©8MS¥K0T& 
■5. 

[0 3] »10*lfi»*-C**«l*««-t>"9-0«ISH 

[04] *5fil8©S{2©Stflfi»J8T**J»SC8«'fe>-S- 
<DtH8S»rffi0-e$)-&. 

[05] **W©»3©*tt»ttT***««E«-fc>-9- 
©«lB&#rB0'r$>5. 

[06] *58Wfc«fc*!S4©Ka6»l8T?**JI!l*a«-t 
>-tJ-©SlBSWf (S0T&S. 

[07] #58MI=J:*fl5 5©*Jfi»»"C**3»iCa*-fe 
>U-©ftlHS»fB BIT* -5 . 

[0 8] *5Bw»=«t«ai6©*M»tt"xr**ji*icsHi-fe 

>-y-©«#r®0T&5„ 

[09] *5EWfcJ:*SB7©§)llfi»JBT?**«l*fl»-fe 
>-if-©*W&»rffi @TS -5 . 
[010] *%K£££jg8©^fl$tg-?&$*&3ttitii 

-t >-y-©«B§w® 0t?$> -5. 
[011] ^»Mii©H-i;>y*»fc«ia"*rti©«t» 

^■h©BS^S:^Lit0-r*-5„ 

[012] *%«£J:«)t9©JHI0*tt7&«M&eita 
■fe >-y-©aB§¥M0T*^. 

[013] snicks.* 1 0 ©nis^!i-e$.s^s:at 

a-fc >lJ-©«tBS®TM0T-* s. 
[014] *»Wfci:*l»SHSa-fe *5§Bj(ci 

6*t»r»aaEa-t>-y-©*m«s«iiftt«:tt:*SE-r*fc«>© 

[«W©«fI] 



1 S/U3>«R 

2 x.y^>9~m-?x9tt 

3 MSB 

4 jftftjR 

5 is*)n>9^ 775A 

5 a ->'J3>^777A0- SB 

6 t&MR 

6 a, 6 b Kflftt 

7 t— * 

7 a, 7 b \i—9M9 — > 

7 c t— 9^9— > 

8 *B«-fe>-tf- 

9 

I 0 WMM 

II > U n >*«©**»«• 

1 2 i&g-fe>it 
13.14 
15,16 /^y H 

17.18 

19,20 f\y K 

2 1.22 ag#S§ 
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3 5 
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